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The authors have carried out an investlgati -n of the 
opeiation of a single-cylinder CfR on-, Inc e..j;loying the 
total dctonuition cycle. In ti»is cycle, constant volume 
cnabustion is realized V/iuii the vei"y i'-apia combustion 
occurs at top uead ccntei in the cn_i;;e cycle, Py virtue 
of this fact tiiC cycle por-..vlts ,jro<’.t6r cyclic t.*ilciency 
than the convent! :>nal sparuc ignition engine Khc*eln tu.e 
combristion occurs over a csnsldcrallc 'ortjon of the 
engine cvelo, Nornal heptane .eie.r-ence fviel havi-ig an 
octane rating of 0 v/as used throughout tho study, A x-noto- 
multlnller tube was used to .nc sure tho position in the 
engine cycle ol tho v.u-i3us events in the cetonation piie- 
nomena. Tills was accoy-lished by loo'cing into the com- 
bustion cha-abor through a quartz window installed in a 
spark plug recess. The output of the photo-multi lier 
tube plotted against crunk an^lc shows uarktd similarity 
to ti.,e prussui-e-cranlc angle ciaji'cm oi cnc engine operating 
on this cycle. No electrical ignition s; stem wus used to 
Initiate combustion — this being acconplishta by raising 
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the coapresaion ratio uiitll the jilxturo autoignltcd. 

The major part of the data was taken with atmospheric 
inlet and exhaust pressures and an inlet fuel-air charge 
temperature of 170F. The compression ratio of the engine 
was varied from 6.0 to 8.5 and the speed of operation from 
900 to 1500 rpm. It was found that the duration of the 
preflame reaction(the cool flame occurring just prior to 
the explosion of the fuel-air charge ) and the crank angle 
at which it occurred In the cycle did not perceptibly affect 
the point of autoignition. The point of autoignition was 
found to be jnainly a function of the inlet temperature and 
the compression ratio. Tiie cycle shows efficiencies 

over a considerable speed range, but a limited flexibility 
with regard to reduced inlet pressures; hence, practical 
engine application would at present be limited to constant 
load applications. The engine makes a loud knocking sound 
and this may further restrict its application. The effect 
on engine parts of such operation needs to be Investigated. 

The thesis is concluded with suggested further studies 
which are deemed necessary in the development of a practical 
engine using this cycle of operation. 
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II ICTODUCTIOH 

An investigation of the possibilities of operating 
an internal combustion engine on the ao-called "total 
detonation cyolo" ia tho subject of this thesis, Tiie total 
detonation cycle is an engine cycle in which, for all 
practical pui’poses, instantaneous combustion is realized, 

Tho naodyn anile analysis shows that when the comb'astion begins 
and is completed during the instant at which the piston is 
at tho top of the working stroke, the efficiency and power 
output of an engine are maxiauia. In a conventional piston 
engine, spark ignition or diesel, the combustion is pro- 
gresaive and requires a considerable period of time, that 
is, by comparison with the speed at which the piston is 
moving. As a result of these time-consuming burning pro- 
cesses it is iiopossible for the conventional engines to 
realize the high efficiency inherent in the instantaneous 
combustion cycle, or as it is more generally called, the 
"constant- volume cycle." The term "constant-voluue" means 
simply that the combustion occurs so rapidly that the piston 
motion may be considered negligible during the process, and 
hence the volume of the combustion chamber is constant. 

Since this is a new field of investigation and a con- 
sistent nomonclatiire has not been developed, the following 
terms will be used to describe tho phenomena, Refer to 
Plgui’e 1 in conjunction with the following definitions. 
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start or Preflarae Reaction , That point in the cycle whore 
the first visible raaiation is given off froa the fuel-air 
ralxt\ire. See A, Figure 1, 

Duration of Preflame Reaction . The duration of the blue 
flaiac or low order light, expressed cither in xmita of time 
or crank angle, which occurs between the start of the pre- 
flame reaction and the point of autoignition, sometimes 
called ”blue-flame reaction” or precombustion reaction. 

This is shown as Z in Figure 1. 

Point of Autoirmitlon , The point in the reaction charac- 
terised by practically instantaneous or constant volume 
combustion. This point {B of Figure 1) is actually a small 
time interval rather than a single inst£int, but it is 
referred to as a point because of its very small duration. 

It is this extremely rapid combustion which gives rise to 
the shock wave which we hear as a “knock” in an internal 
combustion engine. 

Detonation . The combination of the prefleme reaction and 
the point of autoignition, shown in Figure 1 from A through B, 
Total Detonation . This refers to a process where no spark 
plug or other device is employed specifically to ignite the 
fuel-air charge, as contrasted with the conventional auto- 
mobile engine or diesel engine where a spark plug or glow 
pl\ig is used. 



t>. j tulA 



. - ^ . -< ..I Stt39^ 

JL4-..II.. ctt ^ •* «l4Ji#i% »*>i1 

.1 ^ 



k 0jmt ^ 

-^ ■ V #^**»*» 












-4^1 ^€ Th^ IkjJ§ 4p ^ «r^/ ^ i <hn^^ 

WM«1’«« ■'*^^><1 4* ^nt*«4 ^ «UVl/'4»rt *-r»n 



. 'H , "i-l^ ■•• i?l !• ■• ' 



., .^ V *ifT!.»uJil fLlst 

.* ♦At I ui -1 ® »—^.-W *« tV? 

•ftllas«''l tm* I ^ •ii'-' •• ^ iSiSil 

tmi<^ tr^\AA»<«t 4» •-•'*'• %*<»^***'^ 

XI, V ^ .. rw- fl Xtr *<; ..:,i .« Wa 

.i IL *.. ,.^'..'v; -UPBM9 

li5 t#^ - ^^4 -i-f** • •• 

••f^ ^^£0 9 |*••^f•• 6*i'i»« „«wr'-**-* eX^ -I 

JL^.ri^^ ^ ^®A * •>> «•■ • ^ •• ♦i'*" 



^u x> « I. -‘ ‘^■o* .'y>'_ Af? 

x -'a^ • i r' “V lAJtW Mr *•••>« v *i*ti*> »‘Ef 

^«j;« ..„• .f..r. ^ . ^» :> 

-jC»J ^* 4 n,! .« ,C*-.-l* 0 . ’. '• t • «4 # . ••» i» «nU 

—f 4 fTtnX) iV ©® T^ 



. ^4< .i k*Wili 



It has been shown (Reference 2, 3, 5) that chemical 
changes in the fuol-air charge in the cylinder occur during 
the compression stroke of a motorea engine. There is a 
slight increase in cylinder pressure when these so-called 
precombustion or preflame reactions start (Keferenco 6). 

If the conqjression ratio is higli enough, autoignition or 
rapid constant volume corabustion of the charge cozamences 
with the accompanying audible knock and high rate of 
cylinder pressure rise. Tliis phenomenon has been shown 
on pressure-crank angle diagrams obtained by using the 
M.I.T. point by point pressure indicating equipment (Refer- 
ence 6). A typical diagram is shown in Figure lA. 

A blue light, or as it has been called "cool flame, '* 
is given off from the fuelrair charge when the preflame 
reaction occurs. ,It is possible to detect this blue liglzzt 
radiation by using a sensitive photo multiplier tube circuit 
or a pressure-crank angle indicator (Reference 6). Hov/ever, 
the phototube is superior to the pressiire indicator with 
regard to identifying the exact crank angle at which the 
preflane reaction starts. 

References 2, 3, 4, and 5 cover most of the work already 
completed in this field of investigation. Since this is a 
relatively new approach to the study of engine detonation, 
the available literature is quite limited. Active research 
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programs on the subject are now being pursued by the 
National Bureau of Standards and several motor fuel and 
chemical companies. 

This study vms made to determine the crank angle 
relations between the incidence of the preflame reaction and 
the point of autoignition, and their effects on the total 
detonation phenomena. 7/ith this information operating 
conditions can be regulated so that the point of autoignition 
or constant volume combustion can always be experienced 
when the piston is at top dead center. 

The follov/ing is a description of the appai'atus used 
to study the total detonation cycle. 

Engine Set-up - Schematic diagram sliovm in Fi.gure 7, 

The test engine is a CFR engine located in the Sloon 
Laboratory at 1£.I,T, A direct current cradle-type dyna- 
mometer was used to record the brake mean effective pressui’e 
(bmep) of the engine. An ASME square-edged orifice v/lth 
flange taps was used to measure the air flow to the engine. 
See Figure 31 for the air orifice calibration curve. The 
standard type of rotaraeter was used to measure the fuel flovif. 
The rotameter calibration curve is shovm in Pigui-e 32. ihe 
auxiliary apj^aratus was conventional. 

Recording Apparatus 



No ignition system was used since the total detonation 
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cycle is a cojupression-it^nl tlon typo ol' cycle. This condi- 
tion eliniinatca the spark plug and permits it to be replaced 
by a quartz window unit as shown in Figure 7. In this manner 
it is possible to look into the combustion charaber during 
total detonation operation. The radiation in the cylinder 
passes through the quartz window into a light-tight blackened 
pick-up enclosure made of heavy brass tubing. For details of 
this unit see Figure 3. The spring suspension of this unit 
v/as designed to eliminate the vibrations set up by the total 
detonation operation in the cylinder, which might excite 
the pick-up enclosvire. A short section of rubber tubing 
connecting the window holder to the pick-up encloc\irc is 
helpful in this respect and limits the heat transferred from 
the cylindei’ israll to the enclosure which houses the phototube. 
This design proved quite successful in eliminating any 
microphonlcs which are caused by such vibrations. 

A variable negative direct current power supply of about 
one thousand volts maximum potential for the photo-multiplier 
tube circuit is obtained through a series combination of 
67,5 volt batteries. Figure 2 shows the details of the 
photo-multiplier tube electrical circuit. The output of the 
phototube is fed into a Dumont 304-H cathode ray oscillo- 
scope for observation. Figure 5 shows the synciironizing 
signal generator designed to synchronise the cathode ray 
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oscilloscope with the engine cycle, 

A phasing device is used to determine the crank angJ.e 
at which the prcriane reaction and the point of autoignition 
occur. This device consists of a set of hreaker points 
which can he rotated with respect to a cam on the engine 
crankshaft. The hreaker points are placed in the circuit of 
an ignition coll and cause a small neon tube, mounted in a 
rotating disk on the crankshaft, to flash when the hreaker 
points are closed. At the same time electromagnetic radia- 
tion from the spark plug causes a pip to he superimposed on 
the phototube pattern on the cathode ray oscilloscope. Thus 
by shifting the position of the hreaker points with respect 
to the cam the pip can b® made to coincide with any event 
in the phototube pattern. The crank angle at which this 
event occurs can he read from a stationary scale mounted 
at the circumference of the rotating disc containing the 
neon tube. With this arrangement the cranli angle at which 
an Incident occurs along the photottibe output trace on the 
cathode ray oscilloscope screen can he read witlain + 1 de- 
gree by matching the spark signal with the point of interest 
and reading the angle on the spark protractor. This accuracy 
is deemed adequate for this Investigation, ito M.I.T, strip 
camera was used to photograph the total detonation cycle 
events as shown on the oscilloscope screen. All electrical 
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leads and the power supply unit arc shielded to prevent 
interference signals fro-n distorting the scor;0 trace. 



LKrHT intensity 
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SKETCH OF phototube OUTPUT 




crank An<^l£ 



A - START OF PREFLAME REACTION 
B - ‘POINT" OF AUTO k^NITION 
Z- DURATION OF PREFLAME REACTION 

H- Dui^ation of radiation 
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FICiURE 1. PHOTOTUBE WIRINQ DIAGRAM 
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FIGURES- RADIATIOM PHOTOTUBE PICKUP EKCLOSURE 




FIGURE 4 -BLOCK DIAGRAM OF RADIATION DETECTION EQUIPMENT 
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FIGURE 5. SYNCHRONIZING SIGNAL GENERATOR 
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Ill FROCIDURE 



In the opinion of the authors, fotir basic quantities 
are the governing factors affecting the detonation phonosicna. 
These aro: 

1. The pressure of the fuel-air charge in the cylinder 
which is mainly a fiuiotion of the compression 
ratio and the inlet pressure, 

2. The temperature of the fuel-air charge in the 
cylinder. This variable is affected by (a) the 
inlet tempex‘ature of the charge, (b) the com- 
pression ratio, and (c) the cylinder well tempera- 
ture. 

3, Time effects, which are basically dependent upon 
the rate of caapression and are therefore a function 
of the engine speed. 

4, The chemical composition of the fuel-air charge. 

By considering the above factors it can be seen that 

in order to make any logical investigation the large number 
of possible variables must be reduced. For our investi- 
gation the folloT/ing variables have been regulated under 
various operating conditions in order to keep them constant. 

1. Temperature of the fuel-air charge at the inlet 
to the engine cylinder, T^, 

. Temperature of the cooling v/ater leaving the 
cylinder jacket, T^. 
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3. Teaperatiare of the lubricating oil, ^oll* 

4* Inlet pressure of the charge to the cylinder, 

5* Typo of fuelj normal heptane reference fuel 
(0 octane) was used throu^out* 

6* Fuel-air ratio, Pj set at 0.08, which is approxi- 
snately the best power ratio. 

7, Pressure in the exhaust manifold, PeJ atmospheric. 

By keeping the above factors constant the pressure, 
temperature, and time effects should, in the main, be 
f\inctlons of two variables, the compression ratio and the 
engine speed. Under actual engine operation this assump- 
tion agrees with internal combustion engine theory and 
experimental tests. The actual test procedure was based 
on these considerations and carried out in the following 
sequence. For each set of runs the brake reading, start of 
the preflame reaction, the point of autoignition, and the 
duration of the preflame reaction were recorded. This infor- 
mation was obtained by moving the spark signal along the 
phototube output trace on the cathode ray oscilloscope as 
explained in the Introduction, 

A. The first set of runs, numbers 1 to 7, were made 
at a constant speed of 1100 rpm. The compression ratio 
was varied from 5,5 to 8,5, "Hie other engine operating 
conditions, vrhlch were held constant, were oil temperature, 
140Pj inlet air temperature, 170P; cylinder jacket cooling 
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water temperature, IBOPj and fuel-air ratio, 0»08* 

D. The next set of rxans, mimhers 8 to 11, were xaade 

at a constant contra asion ratio of 8.5. The speed of the 

engine was varied from 1000 to 1400 rpm, 

C. In order to study the effect of compression ratio 
and engine speed in more detail, the succeeding set of 
runs (numbers 12 to 37) were made at the compression ratios 
of 6.0, 6.6, 7.0, and 7.5. For each compression ratio a 
complete set of data, as discussed above, was taken over 

a speed range of 900 to 1500 rpm, 

D. The next set of rims, numbers 38 to 49, were made 

using a constant value of pounds of air per suction stroke, 

Ma/N. This was accomplished by throttling the air* flow 

to the engine. A compression ratio of 6 was used in order 
to compare the results with those of A, This set was con- 
ducted in two sections. Runs 38 to 43 were taken with the 
inlet fuel-air charge temperature at 170P, the same as the 
preceding runs. Rims 44 to 49 were carried out in exactly 
the same manner except that an inlet temperature of 184P 
was used to investigate the effect of the inlet temperature 
on the autoignitlon of the fuel-air charge. The pxirpose 
of this set of runs was to investigate the combustion 
efficiency alone, since \mder these conditions the variation 
of air consumption does not influence the process. 
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E, To investigate the flexibility of the total 
detonation cycle using this fuel, a set ol runs (nurabers 
50 to 54) was made at a compression ratio of 6 and 1000 rpa 
for various inlet pressures. Tills compression ratio was 
chosen since it seemed most promising in the li ht of a 
practical engine as brouglit out by the foregoing runs. 

To obtain the indicated moan effective pi’essure of 
the various runs, the brake mean effective pressure as 
obtained from the dynamometer readings during detonation 
was added to the friction mean effective pressure as 
obtained from the dynamometer readings while motoring tho 
engine . 

Luring representative runs strip photographs wore nade 
of the phototube output trace on the cathode ray oscillo- 
scope. These are shown in figures 25 to 23 inclusive. 
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EFFECT OF COMPRESSION RATIO 




A - POINT OF AUTO IGNITION 

a ~ start of preflame reaction 
X ' brake read INC, 
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CRANK ANCjLE BTC] 
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EFFECT OF RPM 
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O - DURATION OP preflame REACTlOIM 
A - POINT OF AUTOiqNITlON 
O - START OF PREFLMvu. REACTION 
X - brake READINC, 
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BRAKt READlN^^ |_»N OF RCj] 



EFFECT OF RPM 
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o- DURATION OF PREFLAME REACTION 
POINT OF AUrOlCjN ITION 
□ - START OF PREFLAME REACTION 
X- BRAKE REAOINCj 
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BRAKE READIN<i tlN.OFH(,] 
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EFFECT OF RPM 




RPM 

O- DURATION OF PREFLAOOE REACTION 
- POINT OF AUTOIQNITION 
□ - START OF PREFLAME REACTION 
X - brake REAOl NC| 



figure. II 
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CRANK ANC,L£ t" BTC] 



EFFECT OF RPM 



Aw*. ? 




(?PM 

O - 0 t»RATlON OF pREFUAMt REACTION 
A - POINT OF AUTO K^N ITION 
□ - START OF PREFLANE REACTION 
X - brake REAOINCi 
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brake REAOINC, of RCj] 
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CRANK AN<,L£ L" BTCj 



EFFECT OF RPH 
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RPM 

O- DURATION OF PKEFLAMe REACTION 
A - POINT OF AOTOl^NITlOIM 
a - START OF pRE FLAME REACTION 
X - brake REAOINCj 
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EFFECT OF K.P^^ AT C0N6TANT M^/N 
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A - POINT OF AUTO I (iN IT ION 
O - START OF PREFLAME REACTION 
X - BRAKE READIN<^ 



fi^»ure: 14- 



brake reading [in.ofh^] 
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EFFECT OF RPM AT CONSTANT Ma/N 
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O- DURATION OF PREFLAME REACTION 
A- point of AOTOlCjN ITION 
□ - START OF PREFLAME REACTION 
X- BRAicE REAOlNq 
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POINT OF AUTO 1C, NiriON 
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FIGURE |b 



r^o 



STAKT OF PK£FLAne i^CArOTlON 




FUTURE 17 



^ 1 - 



I 




CRANK ANCiLE 



31 

duration of pREFLAf^E REACTION 
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FIGURE 19 



V D13CUoS10^ >jF I'LSULTS 



The basic equation or definition of the inuicated 
moan effective pressure of an internal combustion engine 
is 

I 1 - r = f- e P I'c 778/144 

where 

IKI.P = , — , — ; (psi) 

c/iincier ulsplacement volume 

f- - density of the cha^:ge at the inlet to the 
cylinder; (Ib/ff^) 

6 - volumetric efiiciency^ — 

J inlet to cylindci* 

- 

F - fuel-air ratio; (lbs fucl/lb, of air) 

1 =: heating value of the fuel; (BTU/pound) 

gencj-ally tahen at 10,000 

^ ~ indicated cycle efficiency 
778/144 - units conversion factor 

Hie following discussion Is based on this basic aefi- 
nition and an attempt is made to correlate tiie test result 
with the definition. In all runs, excej't the two in which 
the value of Ma/n (rounds of air/cycle) v/as held constant, 
the air flou v/as alloweo to vary with the engiiiC spetao. 
l"ne fuel flow was vaz-ieu in ordtr to Kcop the lut 1-air 
ratio constant at all times. In this manner the pi’ocuct 
P Eq 776/144 was ncld constant. From equation (1) it con 
be seen that any variation in the Inaicatea mean elfectivo 
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p^c^s^l^o would then be duo to a variation in the product 
it ® • AasUi-aing that the fuel-air charge at the cylinder 

inlet is a perfect gas, the perfect gas law :nay be used to 
determine the inlet density. 




( 2 ) 



whore 

Pj[ r Pressure at the cylinder inlet; (lba/ft2) 

R - Gas constant for air; (53»39 ft-lb/lb Fabs) 
r Inlet temperature to the cylinder; (Fabs) 

The inlet pressure and temperature were recorded for 
all tests so that the inlet density was readily computed. 

Internal combustion engine theory defines the voltuaetrlc 
efficiency, e, as the density of the charge in the cylinder 
divided by the density of the charge at the cylinder inlet. 

In equation form It is e:sprosaed 



e 



Ma 

n Vd f- 



(3) 



where 

Ma - Mass rate of flow of air to the cylinder 
in pounds per second 

n ~ Humber of suction strokes per second 
Vd - cylinder displacement voltune in cubic feet 
Orifice readings gave the value of Ma, Vd is fixed by 
the cylinder dimensions, and n is merely the revolutions per 
second of the engine divided by 2 for the 4-stroko engine 
used, A plot of the volumetric efficiency against speed is 
given in Figure 20, A shrouded inlet valve was used for all 
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runs. Proa these considerations and Equation (1) it 
was possible to deterinina the indicated cycle efficiency 
of the total detonation cycle under vai’ious engine 
operating conditions. Rearrangement of Equation (1) 
shows this mathematically as 

n. - 

J I, o 

Figure 21 Is a plot of the indicated cycle efficiency for 
various operating conditions. 

By definition the friction mean effective pressure is 
equal to the indicated mean effective prossme minus the 
brake mean effective pressure. As discussed In chapter 
XI of Reference (1) the practice of using the braico reading 
of the motored engine to obtain the friction mean effective 
pressure gives results which are of the order of i 5% e.ccu~ 
rate. This has an overall effect on the value of the 
Indicated mean effective presstir© of about In the 
absence of pressure indicator cards this is our best esti- 
mate of the engine friction under rxmnlng conditions. 
Internal combustion engine theory and practice assume 
that the motoring friction readings are a fair indication 
of the magnitudes involved. It is felt, therefore, that 
the values of indicated mean effective pressure thus de- 
rived are acctirate to within iTl, 5^. 

The indicated efflcie-ncj Is a airect measure oi the 
fcfiiciency of the combustion process In the cylinder. 
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“Die followin<5 discussion is designed to correlate the 
indicated cycle efficiency (Figure 21) with the data on 
the preflaae reaction and autoignltlon phononena shown in 
the results in Figures 16 through 18. Figures 16 through 
18 are cross plots of Figures 8 through 15, presenting an 
integrated picture of results of various test runs. In- 
terpretation of the teat results arc nado in two sections. 
Section 1 treats the results froxa a cou’eustion viewpoint 
and section 2 discusses the possihilitiea of using the 
total detonation cycle as a practical engine cycle. 

Section la. Engine operation under full ttoottle conditions . 
Figure 17 shows that increasing the speed and increasing 
the compression ratio caxiso the preflame reaction to occur 
earlier in the cycle. From Figure 13 it con bo seen that 
as the compression ratio is increased the duration of the 
preflarae reaction, in crank angle degrees, tends to decrease 
for a given speed. However, for a given ocapression ratio, 
the duration of prefiaao reaction in crank angle degi’oes 
increases with increasing speed. The effect of the vari- 
ation in the start of the preflame reaction and its du- 
ration upon the point of autoignition is shown in Figure 
16, It is interesting to note that the point oi' autoignition 
in the cycle for a given coapreaaion ratio is practically 
constant in \riew of the vai’iations in the start of the 
preflaae x*eactlon and its duration mentionea above. 
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Figure 16 Indicates that the engine speed, start of pre- 
flane reaction, and its aei-ation do not Pleasurably affect 
the point of autoignition, however, the compression ratio 
has a noticeable effect, causing the point of autolgnltion 
to occur earlier in the cycle as the co-npression ratio is 
Increased. The results of the variation in the point of 
autoignition on the indicated <ean effective pressure and 
the indicated cycle efflciincy ui'*© shown in Figures 19 
and 21. As the point of autoignition hat-pons earlier in 
the cycle, l.e., when the piston is farther from the top 
dead center position, the indicated mean effective pressure 
decreases. For a given corapression ratio, however, the 
indicated mean ei’fective pressure is virtually constant. 

Tills cun be expected since the point of autoignition is 
constant undei' this condition, 

Lquation (4) states that the indicated efficiency is 
propoi’tional to the ratio of the indicated mean effective 
pressui'e to the product ol the inlet density and the volu- 
metric efficiency. It has been shown that the Indicated 
mean effective pressure is constant for a given compression 
ratio over the speed range investigated. The inlot aenaity, 
as computed from Equation (2), varied by only one tenth of 
one percent over the speed range and therefore con be 
considered constant. Variation in volumeti'ic olficicncy is 
shown in Figure 20, Hince the inlet density was constant. 
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tho variation in the cylinder density, , would be ol the 
sane lorw as the volu.netric efficiency curve, ihe z’esultant 
indicated efficiency curves &.io shown in figure 21, It 
may be noted that tho efficiency curves have the Inverse 
curvature of the volumetric efficiency curves, the minlsiziia 
Indicated efficiency occui-ring at 1100 rpn, the apood at 
which the volumeti’ic efficiency is a maxirrmni, 

Hie highest indicated efficiency ana indicated mean 
effective pressure arc obtained at the lowest compression 
ratio investigated, figure 16 shows that under t.ois condi- 
tion the point of autoignltivon vias experienced closest to 
top dead centei'. Ihls is in a; ree?acnt ^itli the thcoi’y 
stated In the Inii'oduction. ror these eonaitions it may be 
concluded that the indicated cycle oilicitrncy of the total 
detonatioiz cycle is mainly a function of the compression 
ratio. Slight variations of tho indicated cycle efficiency 
over the speed range may be due to heat transfer el facts. 
Section lb, Inglne opc?ration keeping Ma/n constant . 

For the runs in which the value of Ha/n was held 
constant, tho general tr< nds of the st.-rt of preflomc 
reaction, its duration, a^iid the point of autoignition 
were the some as for the full thiottlc co.ditlons. Fro® 
Figure 19 it can be seen that the indicated lean effective 
pressure was constant but lower tha/i the Inuxcated mo&n 
eflcctive pi’sssure for the full throttle run at the corro- 
apondlng compx'cssion ratio and Inlet temperature, rnis was 
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due to the feet that the mass rate of flow of air to the 
cylinder v/aa arbitral ily chosen at a lo’icr vt^lut , *h.e 
mass rate of flow of air was set afc 'ut four tcrcci. t lower 
for the throttled run» hence, the indicated .rican effective 
pressure was also about four percent lower. Vherefore it 
Co>n bt concluded that if the mass rate of ilou to the 
cyiincior had been the same In both runs, the indicated 
mean efiective pressure curves would Lave coincided. Froar 
Equation (2) it cen be seen that for ,;a/n equal to a constant 
the cylinder density, which is equal to the prouuct of 
and e, would bo constant. Tlierefore, from Tquatlon (1) 
any chanre in the indicated Tican cifectlve pressure would 
be due to a change in the indicated cycle efiiciency. 

Figure 19 shoos that the indlcolod 'car, eflcctive pressure 
was constant for constant Mu/n. I'hex’Cfore the indicated 
t‘fficicncy was constant as can be seen in rigure 21. 

when the Inlet temperature was raised to a higher 
value for tnis type of run, the inuicateu -rxtdi elfeetivc 
pressor© decreased, Tnis was due to uhe fact that tie 
inaicate-d cycle efficiency decreased, Ly keeping the 
density of the charge in the cyllx.aor, Sx * constant it 
can be see-n from Equation (1) that the Indiculed efficiency 
is the only variable quantity affecting the value of the 
indicated mean effective pressure. The indicated ef- 
ficiency thus Indicated is a direct meaeux'e of the 
©fficiency of the combustion process midcr these conditions. 
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The higher temperature caused the autoignition point to 
occur farther hofore top dead center with a resultant 
decrease In Indicated efficiency and indicated mean 
effective pressure* 

Figure 21 also shows that the indicated efficiency 
of the runs in which Ma/n was held constant was higher 
than the runs made vindcr open throttle conditions over 
most of the speed range* Time did not pei*alt fiirther 
study of the effects of temperature, but it may be con- 
cluded from these runs that the inlet temperature of the 
charge is an important factor affecting the Indicated 
efficiency of this type of cycle. 

Section 2* Practical engine possibilities * 

The previous section has shown that the maximum in- 
dicated efficiency and Indicated mean effective pressure 
are experienced at a low compression ratio while using 
a low octane fuel. The Indicated mean effective pressm’© 
and Indicated efficiency of the total detonation cycle 
are higher than those of an engine of this type operated 
on the conventional spark ignition cycle using current 
automotive fuels (Reference 7). Its ability to use a mixch 
cheaper fuel speaks in its favor (Reference 8). Manufactur- 
ing costs of such an engine would be less since it does not 
require an ignition system or a complicated fuel injection 
system* 

There are some disadvantages which 2 Hust also be con- 
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sidorcd. Vhe cn_ir.< optiatln^j on la cjclc la v^i'y noisy. 
I'owcvoT, thi noise is in tJ.c Ircqucncy nanje uuJ c jalc. 

no uou'bt be silenced. Ihe results oi’ i igure inn-' cate 
a liiSltea llexlbill'"y i. or such an e.n-'i-'o ubilt; o -ci-atiJ c 
at varying 'nltt orcssui-es rlnce it ot j -i ©u det jnating 
v/ben the rressu'-e >ras reduce^ to 6^ indies of oiorcury 
below atnospiieric . This ir-,dlc;xtes that load control of 
the engine is jirobably not possible through cnan ing the 
uiass i‘atc oi *iow of air to the cn.- ine by throttling, 

/vt the present .10 txure ure no a=-t^ available as to 
tno ability of tiic various engine parts to staiiCx up under 
prolongfeu ipi ration -n the total dctontitlon cycle. .ho 
engine uscc in these stuuics isas subjected to approbiiiately 
lorty hours of severe detonation sith no a j-arent oclctcrious 
effects. The result of this type ol operation on engine 
parts could only bo deter.alnca by long-range enaui-ancc 
testing. 
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effect of inlet PRESsuiSE o^* ItAEP 
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VI CONCLUoI JHS 

A now photoelectric technique hao been applied, to the 
study of the total detonation cycle in a single cylinder 
engine. This technique provides a means of determining 
with high precision the times at which the detonation 
events occur in tho engine cycle. On the basis of the 
results thus obtalnea the follov/lng conclusions may bo 
drawn: 

1. It should be possible to employ the total deto- 
nation cycle as a practical engine cycle in constant speed 
and load applications. 

2. Ihe total detonation cycle yields higher indi- 
cated cycle efficiency and higher indicated mean effective 
pressure than the conventional spai'k ignition cycle under 
comparable conditions. 

3. At a given compression ratio tho crank angle at 
which the preflame reaction starts does not materially 
Inflixence the crank angle at which autoignition starts. 

4. i^.t a given compression ratio tho duration of the 
pi’eflame reaction does not materially influt.nce the crank 
angle at which autoignition starts. 

5. For a given compression ratio the crunk tuigle 
at v/hich autoignition starts is virtually constant over* 
the speed range considered. 
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6, For the ran^c of compression ratios stucied, 

6.0 to 8.5, the highest cycle efficiency and indicated 
mean effective pressure were obtained at the lowest 
compression ratio. 

7. Over the range of inlet temperatures investi- 
gated, 170 to 184P, the inlet temperature has an im- 
portant effect on the indicated cvcle efficiency of this 
type of operation. 
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In view of the results of this invcs titration the 
authors feci that this type of cycle v.-arrants furthei* 
study. Siich study ni^ht he profitably be p\;rsued along 
the following lines; 

1. In light of producing a practical engine for 
or.eration on this cycle, further flejcibility tests should 
be made. 

a. Investigate operation of the engine using this 

cycle ovoi’ a wide of inlet pressure . 

b, A coiplete study of the effect of varying the 
tc:.-rsperaturc of the fuel-air charge at inlet and the co.ti- 
pression ratio shoulu Icae. to the dt tei’snination of a pro- 
scribed set of operating conditions ihlch woulci nroduce 
autoignition at top dead center. As borne out by the 
authors' work this is a condition to sti’ive ior in using 
this cycle. 

2. Investigate the use of various other cheap fuels 
which might be eraployed in this cycle. 

3. A development study should, be made uetcrmlning 
the effect of prolonged operation on tho total octonation 
cycle upon tx.4C various engine parts. Critical parts in- 
clude the piston, piston rings, crankshaft, hearings and 
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Figure 23a 
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Figure 24a 




Figure 24b 

Photograph of Complete Trace of the Fhotoraultiplier Tube 

Output * 



r 


6.0 


^oil 


P 


0.08 


P. PM- 24a 


1000 


Ti 


170 


RP?i-24b 


1400 




180 


Camera Speed 


400 inches/second 








*11 










*•4 • 



ri (I 

-r ^ 



50 




Figure 25a 




Figure 25b 







Photograph of Preflame Reaction. 


r 


6.0 


‘^oll 


P 


0.08 


RPM-25a 1000 


Ti 


170 


R PM- 25b 1400 


'"3 


180 


Camera Speed 400 Inches/second 





IIP 




Figure 26a 




Figure 261? 

Photograph of Complete Trace of the Photomultiplier Tube 

Output . 



r 


7,0 


"^oil 


140 


F 


0.08 


RPM-26a 


1000 


Ti 


170 


RPM-26b 


1400 




180 


Camera Speed 


22 inches/second 









Figure 27a 




Figure 27b 
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Photographs o.f Test Ijngln© Installation 
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A. OPERATIONAL NOTES 



One of the nost difficult problcao encountered in 
ojoeratins the engine was that of obtaining a satisfactory 
seal around the quarts winaow* Once a leaic developed 
aroxind the edge of the cylinder cna of the window the 
gases from the cylinder soon eroded the edge away and 
nado it necessary to replace the window and sealing gaskets* 
The best coabination of sealing gaskets found by the authors 
was lead, copper, lead, window, lead, copper, and steel 
reading from the cylindci’ tov/ard the phototube, V/hen 
starting with a new set of gaskets, the combination was 
made up hand- tight and sci’ev^ed into the spark plug hole 
in the cylinder wall. As the engine was gradually f/araied 
up the holder was kept tight by fi-equently checking it 
with a aaiall box wrench. During the first few lainutes of 
firing the combination heats up and the lead ana copper 
gaskets soften enough to maico possible a good tight seal. 
This seal should not be broken before it is necessary to 
replace the window, since it is difficult to teice the 
window out without damaging It further. 

The end of the window facing the combustion chamber 
becomes darkened by the products of conbiistlon after about 
two or tiiree hours of operation, reducing the amouiit of 
light picked up by the phototube. This deposit was readily 
removed by placing the window and holder in a lathe and 
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pollohlnc the window v/ith ,00 steel wool anu. alumina 
powder. 'O long as the windups wac kept reasonably clean, 
the rreflamo i’< actioji coxild be ..icV:cc‘ u.-' on the sco :o 
■using -600 to “000 volts potential on tne cathode oi the 
phototube. 

The socket connections and iCusli'tors of the photo- 

nultij)licr tube ‘w’erc all covered vltn v>. guoe coating of 

coil dope to 1 ‘cduco leaka'^e currents, v;nlch cnoulu not 
“11 

exceed 10 ariperes. The couiplctc system «as entirely 
shielaed and both enua of tl.e shlelaing on ^li Ccvbles 
were connected to ground, i, ■riutal bt.ti^ xy box '.tus a^ea 
to hola the b< ttcries, A 10,000 ohis rcsistoi' eas placed 
between each f'uir of b<..tterles to Unit t’,ie cu:.'i‘cnt aruvm 
by anyone inadv'~rtently touching the leads. 
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